This article reports the effects of pre-school quality on children's cognitive and behavioural outcomes at age 11 using a large-scale longitudinal study of 3000+ children in England (EPPE/EPPSE). The ECERS-R and a curricular extension to it (ECERS-E) were used to assess the quality of provision in 141 pre-school settings attended by the children. The quality measures were derived from observations throughout the day of interactions and resources related to Literacy, Numeracy and Science learning, as well as observational/ interview data related to how each centre catered to diverse needs of children. Multi-level modelling was used to investigate the effects of pre-school quality on children's academic and social-behavioural outcomes at age 11. Pre-school quality significantly predicted most outcomes, after taking account of key child and family factors. More importantly, children who attended low quality pre-schools had cognitive and behavioural scores that were not significantly different from those of children with no pre-school experience. The methods and findings of this large-scale study are considered in terms of the strengths and limitations of 'educational effectiveness' designs. It is suggested that mixed methods designs can address many of the limitations.
Introduction
The context of this article is the debate about the importance of quality in early education. It has long been argued by child care researchers that quality of care relates to developmental outcomes (Belsky, 2001; Peisner-Feinberg et al., 2000; Vandell and Wolfe, 2000) . However, measuring quality is never straightforward; it has both structural properties that are important (Phillips et al., 2001) and process properties that matter as well for children's development (NICHD Early Child Care Research Network [ECCRN], 1996 [ECCRN], , 2000a [ECCRN], , 2000b Phillips and Howes, 1987) .
Generally, where quality has been considered, it has emerged as a weak but significant predictor of children's developmental progress, particularly with regard to cognitive outcomes (ClarkeStewart et al., 1994; Kwan et al., 1998; McCartney, 1984; NICHD ECCRN, 2005) . In a comprehensive literature review, Vandell (2004) concluded that findings are more conclusive when child care quality and child outcomes are related concurrently (e.g. Loeb et al., 2004; Love et al., 2003) , rather than longitudinally (see Committee on Family and Work Policies, 2003) . In longitudinal studies, relations are less evident when findings rely on a single assessment of quality (e.g. DeaterDeckard et al., 1996) than when relying on multiple assessments of quality . Two notable large-scale longitudinal studies which have assessed quantity, quality and care type simultaneously have shown convincing evidence of the importance of child care quality for children's cognitive development (The Cost Quality and Outcomes study: Peisner-Feinberg and the NICHD ECCRN, 2000a , 2002 .
Research on associations between quality of pre-school care and children's socio-emotional outcomes is less conclusive. However, both the Cost Quality and Outcomes Study and the NICHD have provided evidence for longitudinal associations. The former found that, at second grade, children were more socially competent if they had been in better quality care programmes when they were younger. The latter produced evidence that quality of care is related to socio-emotional outcomes across different time points (between age two and four and a half): higher quality care predicted fewer problem behaviours, higher social competence, positive skilled peer interaction, and lower levels of impulsiveness (NICHD ECCRN, 2005) .
The effective provision of pre-school and primary education (EPPE) in England
In England, the short-and long-term effects of pre-school quality on children's development have not, until recently, been studied in a systematic way, despite the fact that access to publicly funded early childhood education is now government policy intended to redress inequality and raise attainment (Inter-departmental Childcare Review, 2002; Sylva and Pugh, 2005) . The Effective Pre-school and Primary Education (EPPE) project is the first British large-scale longitudinal study on the effects of pre-school provision, with more than 3000 children followed longitudinally. Using an 'educational effectiveness' design, EPPE set out to explore the effects of individual pre-school centres on children's attainment and their social/behavioural development at entry to primary school at age five and the continuing effects at ages seven and 11, end of Key Stages 1 and 2 . Now called EPPSE (The Effective Pre-school, Primary Education and Secondary Education), the project has been extended (2007) (2008) (2009) (2010) (2011) in order to follow the same cohort to the end of Key Stage 3 at age 14. By studying the combined effects of pre-school, primary school and family factors, the study has provided new insights and evidence for the importance of early childhood experiences. For a full discussion of the findings, see Sylva et al. (2008 Sylva et al. ( , 2010a .
In order to assess pre-school quality the EPPE researchers focused particularly on process elements through the use of two well established observation instruments: the Early Childhood Environment Rating Scale (ECERS-R; Harms et al., 1998) , and the recently revised ECERSExtension (ECERS-E; Sylva et al., 2010) . The ECERS-R has been widely used in research assessing child care quality (Burchinal et al., 2002; De Kruif et al., 2000; Gilliam, 2000; Jaeger and Funk, 2001; Phillipsen et al., 1997; Sheridan et al., 2009; Whitebook et al., 1989) , whilst the ECERS-E was devised by the EPPE team (for details, see Soucacou and Sylva, 2010) . It has strong associations with children's outcomes at age seven .
The ECERS-E rating scale was devised by the EPPE team to provide a robust and relevant measure of quality related to cognitive development in children. As there have been significant changes to policy and practice in England, for example the revision and expansion of the curriculum in 2000, the ECERS-E was designed to reflect these changes, after wide consultation with experts and practitioners. It covers three of the six areas of the English curriculum: Communication, Language and Literacy; Problem Solving, Reasoning and Numeracy; and Understanding the World. The remaining three areas of development (Creative Development; Physical Development; and Personal, Social and Emotional Development) were already adequately covered by the ECERS-R and so not included in the ECERS-E items. Both the ECERS-R and ECERS-E are based on a conceptual framework which takes account of pedagogical processes and curriculum, although the ECERS-E was more focused on practices that encouraged the development of 'emergent' cognitive skills.
Research aims
The aim of this study was to explore the medium-to long-term impact of pre-school quality (as measured by the ECERS-E and ECERS-R) on children's developmental outcomes. It posed the question, if quality matters, do different levels of quality have different impacts in the longer term? Assessments at age 11 were selected to include the national assessments tests common across the country, along with a rating scale completed by the classroom teacher on the child's social, emotional and behavioural characteristics. Thus the study examined the effects of different levels of quality, as well as the effects of different measures of quality, on a range of educational and social outcomes at age 11. The overarching research question was: is pre-school quality measured on the ECERS-R and on the ECERS-E related to child outcomes at the end of primary school?
Method

Overview of the sample
This article focuses on children's outcomes measured towards the end of primary school, particularly Key Stage 2 (age 11). Assessments of children's cognitive skills, and their social/behavioural competences were collected at age three (pre-test) but also at age five (at entry to primary school) and at age seven. The analyses in this article focus on the child outcome information gathered at age 11 but also uses child assessment scores at age three and five.
Sample
As illustrated by Figure 1 the sample was drawn from a large-scale longitudinal study of 3000+ children which was broadly representative of England at the time of recruitment (1997) (1998) . Five regions in England were sampled and these were strategically selected to represent urban, suburban and rural areas and also areas with social and ethnic diversity. A total of 2857 three-year-old children were recruited from 141 pre-school settings representing six different types of group provision. An additional sample of 315 'home' children (who had not attended a pre-school setting) was identified at entry to primary school, for comparison with those who had attended pre-school. In this analysis, the sample included 2664 children who had valid data for both quality and outcome measures at age 11 (see Sammons et al., 2004 Sammons et al., , 2008a Sammons et al., , 2008b Sylva et al., 2008 Sylva et al., , 2010a . Also included in the analysis are the 'home' children (to whom children are compared) but their baseline measures are at age four-plus/five.
This longitudinal sample consisted of roughly equal numbers of girls and boys, with 74 percent of the sample reporting ethnicity as of White UK heritage, and 11 percent of the children had English as an additional language (EAL). With regard to family structure, 14 percent of the children lived in large families (defined as those with three or more siblings), and there was variation in the quality of the pre-school Home Learning Environment (HLE, measured by 1:1 interview) with 41 percent in the good or very good categories, while 9 percent had rather poor HLE. Family socioeconomic status (SES) varied, with over 30 percent of the families classified as being in the two highest (professional) occupational categories and 16 percent reported as unemployed. Furthermore, as a low income indicator, 16 percent of the children were found to be eligible for free school meals (FSM) .
Measures
1. Pre-school quality. Pre-school quality was measured using the ECERS-R (Harms et al., 1998) ; and the ECERS-E (Sylva et al., 2010b). The ECERS-R focuses on a broad range of quality dimensions and consists of 43 items across seven subscales. Space and furnishing (e.g. indoor space, room arrangement for play, child-related display), Personal care routines (e.g. greeting/departing, meals/snacks), Language-reasoning (e.g. books/pictures, encouraging children to communicate), Activities (e.g. dramatic play, nature/science), Interaction (e.g. supervision of children, staff-child interactions, interactions among children), Program structure (e.g. free play, group time), and Parents and staff (e.g. provisions for parents-staff interaction). Detailed descriptions are provided for each item; item scores are 1 (inadequate) through to 7 (excellent). The ratings are based on a minimum of a two-hour observation in one classroom or with one group and a limited number of interview questions regarding aspects of the routine not visible during observation. It has been shown to possess good psychometric properties and good predictive validity as it significantly relates to children's developmental outcomes (Gilliam, 2000; Jaeger and Funk, 2001; PeisnerFeinberg and Burchinal, 1997; . The ECERS-Extension (ECERS-E; Sylva, 2010b) focuses on the pre-school 'cognitive' curriculum and consists of 18 items on four subscales: Literacy, Mathematics, Science and Environment, Diversity. It is based on the literature on 'emergent' skills in literacy, numeracy and science (Soucocou and Sylva, 2010) .
Child assessments
2.1. Cognitive assessments At age 11 children were assessed on National Assessment Tests in English and Mathematics. These were administered in the same week according to standardized instructions and marked on a government marking scheme. The BAS (Elliot, 1983) , was used as baseline at age three years.
Social and behavioural assessments
Teacher rating scales were also used. The extended version of the Strengths and Difficulties Questionnaire (Goodman, 1997) was used by the classroom teacher to assess different features of children's social/behavioural development. Confirmatory factor analysis yielded four underlying social behavioural dimensions measures for each child (self-regulation, positive social behaviour, hyperactivity and anti-social behaviour). The Adaptive Social Behaviour Inventory (ASBI: Hogan et al., 1992) served as baseline at age three.
The Home Learning Environment (HLE).
A major element of the EPPE design is to identify the familial and educational processes that underlie change in the developmental trajectories of young children (Brooks-Gunn, 2003) , because it is well established that children's outcomes are a product of both home and pre-school. The level of educational support children received at home was established through an interview with parents on entry to the study. Because children entered the study when they began pre-school (or the 'pre-school room' of a child care centre), the pre-test assessment of the HLE was made when children were between three and four-plus years; note that the home group parents were interviewed when their children entered the reception class at age four-plus years. Parents were asked about learning and play activities they engaged in with their children at home. A summary index of the Home Learning Environment (HLE: Melhuish et al., 2008) was constructed, measuring the frequency of the following activities: reading, painting and drawing, library visits, and playing or teaching numbers/shapes, alphabet/letters, and songs/ nursery rhymes.
Analytic strategy
Multi-level modelling (Goldstein, 1995) was used to examine the influences of pre-school quality on children's educational and social/behavioural outcomes at age 11. These analyses were used as they take account of the hierarchical structure of the data (i.e. pupils clustered within schools) therefore producing more accurate estimates of the net effects of different predictors. The unique (net) contribution of quality to variations in children's outcomes was established whilst other background influences (related to the child as in the case of gender, or to the family as in the case of social-economic status) were statistically controlled.
Results
Cognitive outcomes
The effects of ECERS-R and ECERS-E scores on cognitive outcomes were tested independently in predictive models. These classified pre-school quality as ranging from 'no quality' (i.e. the 'home' group, approximately 10% of the sample) through low (15%), medium (52%) and high quality (23%). Figure 2 shows that the experience of high (curricular) quality pre-school provision as measured by the ECERS-E shows a positive impact on educational attainment at age 11, although attending a medium quality centre also has a significant impact when compared to low quality. The patterns of influence are similar for English and Maths, although the effects are somewhat stronger for Maths. The difference between 'home' children and those who attended a low quality pre-school was non-significant, indicating that both 'home' children and the low quality pre-school group scored significantly lower at age 11 than children from medium or high quality pre-schools. Quality scores on the ECERS-R were not related to educational attainment at age 11.
Note that the scores of children in the 'Home' group (used as the comparators in the analyses in Figures 2-6 ) have been set to 0. 
Social behavioural outcomes
Both the ECERS-R and the ECERS-E had a statistically significant impact on all four social/ behavioural outcomes, with the ECERS-R having a slightly stronger impact on 'Pro-social' and 'Anti-social' behaviour than the ECERS-E (see Figures 3-6) . Overall, children who attended medium and high quality pre-schools had higher levels of 'Selfregulation' at age 11 than others. Children who attended pre-school of any quality were rated by teachers as displaying significantly higher levels of 'Pro-social' behaviour relative to 'home' children, although the difference is most marked for those who attended high quality settings. 
Figure 4. The impact of pre-school quality (ECERS-R and ECERS-E) on 'Pro-social' behaviour in Year 6
Children who attended high quality pre-schools also had the lowest levels of 'Anti-social' and 'Hyperactive' behaviour. 'Home' children were rated by teachers as displaying significantly lower levels of 'Hyperactivity' when compared to the low and medium quality groups but the high quality groups showed less hyperactivity at age 11 than the 'Home' group.
The combined impact of pre-school quality and Home Learning Environment (HLE) on cognitive outcomes
Further analyses were conducted to examine the combined effect of the Home Learning Environment (HLE) and pre-school quality (using the ECERS-E) outcomes at age 11. There was an interaction between these two predictors and children's outcomes. Figures 7 and 8 show that children with poor HLE scores who attended pre-school of any quality make significantly greater academic gains relative to 'home' children. However, the gains are highest for children who had experienced the highest quality at pre-school. Children with medium HLE scores also benefit from attending pre-school, although only if the pre-school is of medium or high quality. Children who have high HLE scores and attended a medium or high quality pre-school have the strongest positive long-term benefit in both English and Mathematics at age 11. These findings show that the quality of learning in the home interacts with the quality of the pre-school in shaping children's development.
The combined impact of pre-school quality and HLE on social/behavioural outcomes
Of the four social/behavioural outcomes, the only significant statistical interaction between preschool quality and HLE was related to children's 'Self-regulation'. Overall, this finding indicates that a combination of high HLE and attendance at a medium or high quality pre-school are related to very high 'Self-regulation' scores at age 11. In addition, a high HLE seems to be a protective factor for children who do not attend pre-school, helping them to achieve higher levels of 'Selfregulation' in primary school. Similarly, attending high quality pre-school appears to protect against the disadvantage of a low HLE and promotes children's later 'Self-regulation'. Figure 9 shows that the 'Home' children with high HLE scores have a higher 'Self-regulation' level at age 11 relative to 'Home' children with low and medium HLE scores. At the other end, 
Early years HLE Effect Sizes: Self-regulation
Home children Low Quality Pre-school Medium Quality Pre-school High Quality Pre-school Figure 9 . The combined impact of early years HLE and pre-school quality (ECERS-E) on 'Self-regulation' children with low HLE scores who attended a high quality pre-school have significantly better outcomes in 'Self-regulation' at age 11 relative to children with low HLE but no pre-school experience. As expected, the highest scores on 'Self-regulation' come from the combined effect of medium or high pre-school quality and a high Home Learning Environment.
Discussion
This study has explored the effects of process quality on the medium-to long-term developmental outcomes in children at the age of 11. It has shown that different kinds of quality relate to different outcomes; in fact, it would be surprising if this were not the case. Earlier reports showed that the ECERS-R is related to both social and cognitive outcomes at age seven, but only to social/ behavioural outcomes when children reach age 11. In contrast, the ECERS-E continues to be a strong predictor of children's cognitive outcomes at age 11. Most importantly of all, this study has shown that quality is very important in sustaining the effects of early education. Although at age seven, children in this study who had attended any form of pre-school did better than their peers who had no pre-school experience Sylva et al., 2004) , by age 11 the beneficial effects of low-quality pre-school have begun to fade . In fact, for some cognitive and social behavioural outcomes, attending a low quality pre-school was no better than children remaining at home.
This study is the first study to explore the combined effects of the Home Learning Environment and pre-school quality. High quality learning experiences at either home or pre-school setting can boost the development of children, thus acting as 'protective' factors. Previous experience of a high quality Home Learning Environment appears to act as a protective factor for children who had not attended pre-school (the home group) in terms of promoting higher levels of self-regulation. Similarly, past experience of high quality pre-school is predictive of later improved self-regulation for children who had experienced only a very poor Home Learning Environment. Thus the disadvantage of not attending pre-school is countered if children have good learning experiences at home. Similarly, the disadvantage of a poor Home Learning Environment is ameliorated by high quality pre-school. Both aspects of early influence still show an impact on longer-term development up to the age of 11.
This article has shown that pre-school quality continues to have an effect on cognitive and social outcomes at age 11. Attendance at low quality pre-school led to fewer long-term benefits in cognitive and social development, whereas attendance at medium to high quality pre-school led to significantly greater gains. The policy implication of this study points to substantial improvement in the quality of early learning at pre-school if children, especially those from impoverished backgrounds, are to have a strong start at school. The importance of pre-school quality has been stressed in the Early Years Foundation Stage in England (EYFS; DCSF, 2007), a policy document which explicitly cites EPPE as a major part of its evidence base.
Reflections on the methods of this study
This paper had two goals: first, to present the findings from this large-scale study as they relate to the impact of pre-school quality on children's developmental outcomes. There was a second goal, however, and this was as important as the actual findings. The aim was to reflect on the methods and findings of EPPE in a critical way, to consider what such large-scale quantitative studies can tell us and what they cannot. It is important to place EPPE in the context of a vast intellectual terrain of methods for studying early childhood education.
What do such studies achieve? First, EPPE has demonstrated regular patterns of development in a large and representative sample of young children. Statistical control has enabled the 'effects' of the pre-school and the home learning environments to be estimated after rigorous control for individual characteristics such as gender and familial background such as parental education. In many of the analyses more than 40 percent of the variance in children's outcomes has been explained by the variables (called predictors) entered into the statistical models. This means that the predictive variables in the EPPE study 'explain' a great deal about the developmental outcomes of a large and broadly representative sample. (Still, there is a lot they do not explain, and this will be discussed in the following section.) Importantly, the EPPE findings on the effects of pre-school attendance, duration and quality of provision are net of other influences, including the baseline measures. This means that the quality effects reported here are in addition to (and net) of other influences such as the family or the child's profile at entry to the study. Thus the effects of pre-school are 'value added' ones, after taking account of baseline profile and social background. The measure of progress during the pre-school period is a very precise one.
The measures of quality used in this study, however, are very broad-brush. The ECERS-R and E take only a day to administer, providing an estimate of quality that is robust but not deep. Indicators in these scales have to be 'objective' enough to allow inter-observer reliability, and 'frequent' enough to be picked up on a visit of a single day. More qualitative studies such as the EPPE case studies delve into the complexities of practice and the shared meanings (amongst staff) that underpin it. While such case studies illuminate the quantitative findings they also go beyond them.
And finally, studies such as EPPE establish differences in trajectories of whole groups of children, for example, those from large/small families, those who live in disadvantaged circumstances. The findings suggest that children from disadvantaged backgrounds, or those from large families, tend to do poorly. This will not hold true for each individual case; it is a generalization about groups and not an explanatory statement about individuals.
What are the limitations of large-scale quantitative research? This is an important question and the EPPE authors have never shied away from it. Understanding education and pedagogy requires both quantitative and qualitative methods. EPPE's multi-level modelling does not provide a deep explanation of the learning 'process', especially regarding supportive interactions between adults and children (sometimes called 'scaffolding'). For this kind of understanding, smaller scale, more qualitative studies are ideal (see Siraj-Blatchford, 2002) . Also, EPPE cannot explain 'local' circumstances of an individual pre-school centre; pre-schools exist in unique communities of people and institutions and some of this uniqueness no doubt contributes to developmental outcomes, which have not been included in the statistical models. No doubt the uniqueness of neighbourhoods and of cultural traditions within families contribute to individual children's development; this fact is fully acknowledged but not accounted for in the statistical models.
EPPE does not 'measure' the whole child and so much that is important in development has been excluded from its statistical models. For example, EPPE measured language as an outcome, but it did not measure creativity or courage as outcomes (more's the pity!). Large-scale studies are confined to measuring outcomes that are 'easy' to measure in a way that is reliable and valid -not difficult-to-measure constructs such as 'cheerfulness'. Moreover, statistical studies such as EPPE can never explain the developmental trajectory of individual children; there are too many 'personal' experiences that contribute to the development of a single child for EPPE to measure and explain. Again, case studies make a vital contribution in this area and Siraj-Blatchford is carrying out case studies of individual EPPE children in secondary school.
Finally, and very importantly, the quantitative aspects of EPPE did not capture the 'voices' of thousands of children, families and practitioners. The 'lived' and 'felt' experiences of the many participants that have been included in the qualitative case studies are a vital part of EPPE. For this reason, it must always be stressed that EPPE is a mixed methods study in which individual voices are recorded and analysed (Sammons et al., 2005; Siraj-Blatchford et al., 2006) in the kind of rich detail not possible in broad-brush statistics.
Towards mixed methods
Using a mixed methods approach EPPE studied many of the 'individual' aspects of practice not apparent in complex statistical models (see Sammons et al., 2005; Siraj-Blatchford et al., 2006) . As Siraj-Blatchford et al. (2006, (70) (71) explained:
The case studies provided a powerful means to link the qualitative and quantitative components of the study and enhance our understanding of quality. The overall aim of the qualitative case studies was to explore what made some centres more successful at achieving better child outcomes in particular domains. The aim was to tease out specific pedagogical and other practices associated with achieving 'excellent' outcomes as compared to 'good' outcomes. A stratified random sample of 12 centres was therefore selected to include those found by EPPE statistical analysis as having children who made 'good' progress...to 'excellent' progress...in one or more of the cognitive or social/behavioural outcomes, and with no negative effects on any outcome. The selection of the sample for the qualitative element of the study therefore relied on...the quantitative multilevel analyses of child outcomes in order to identify those settings where children achieved beyond expectations (p. 70-71).
The rich data on practice was therefore drawn from a robust quantitative sample. To summarize, EPPE used quantitative and qualitative methods in an iterative way to study development in fine and gross grain.
This article had two aims: 1) to demonstrate the effects of pre-school quality on children's development, using a large-scale, quantitative study in England, and 2) to reflect on what such large-scale statistical studies can and cannot tell us. The merits of a mixed method approach are too many to be summarized here (but see Tashakkori and Teddlie, 2003) . The qualitative studies of EPPE have been described by Siraj-Blatchford et al. (2006) as a dialectical procedure. They were not added on as a crowd-pleasing afterthought to 'give flavour'; they were an integral part of the research design from the very beginning and their early findings informed the evolving quantitative methods.
